The chromo-electromagnetic field is produced due to the motion of partons in a quark-gluon plasma created by relativistic heavy-ion collisions. The fluctuations in the produced chromoelectromagnetic field are important, since they cause heavy quarks to gain energy in the low velocity limit. We study the effect of such fluctuations on heavy quark diffusion in quark-gluon plasma within the framework of Langevin dynamics under the background matter described by the (3 + 1)-dimensional relativistic viscous hydrodynamics. Theoretical calculations of the nuclear modification factor (RAA) of heavy mesons (D and B mesons), with the effect of these fluctuations, are compared with experimental measurements in Au − Au collisions at √ sNN = 200 GeV by the STAR experiment at the BNL Relativistic Heavy Ion Collider (RHIC) and P b − P b collisions at √ sNN = 2.76 and 5.02 TeV by the ALICE and CMS experiments at the CERN Large Hadron Collider (LHC). We find a significant effect of these fluctuations in describing the the measured RAA of D and B mesons in both RHIC and LHC energies.
I. INTRODUCTION
The ongoing relativistic heavy-ion programs at the Relativistic Heavy Ion Collider (RHIC) at BNL and at the Large Hadron Collider (LHC) at CERN are aimed to create a new novel state of matter where the bulk properties are governed by light quarks and gluons degrees of freedom [1, 2] and this new phase of matter is well known as quark-gluon plasma (QGP). The space-time evolution of the QGP is successfully described by relativistic hydrodynamic calculations [3] [4] [5] [6] [7] . There are several probes to extract informations about the properties of the QGP. The collective properties of the QGP are obtained by studying the soft probes like light hadron distributions at low transverse momentum, whereas the microscopic properties are obtained by studying the hard probes like heavy quarks, jets and quarkonia [8] .
Here, we focus on heavy quarks (charm and bottom), which are mainly produced in the primordial hard scatterings in the relativistic heavy-ion collisions. The heavy quarks do not constitute the bulk of the QGP medium and hence they act as impurities in the medium. As they are produced early, they encounter the full spacetime evolution of the medium and as a result of that they might preserve a memory of their interaction history which makes them a crucial probe of the QGP medium. The thermalization time scale for heavy quarks is larger than that of light quarks by a factor of M Q /T ∼ 5−20 [9] [10] [11] [12] , where M Q is the mass of the heavy quarks and T being the typical temperature of the QGP medium formed at RHIC and LHC. Since M Q is much larger than T and as well as the constituent masses of the QGP medium, relaxation time of heavy quarks is also larger than that for * Electronic address: ashikhep@gmail.com † Electronic address: za@vecc.gov.in light quarks which justifies a soft-scattering approximation. Under such scenario, heavy quarks execute Brownian motion inside the QGP medium and their motions are well treated in the framework of Fokker-Plank equation [9, 10, 13, 14] . The Fokker-Planck equation is understood by stochastic Langevin processes [9, 15, 16] which makes a great simplification of in-medium heavy-flavour (HF) dynamics. Such formalism is very extensively employed to calculate the experimentally measured nuclear modification factor (R AA ) of HF mesons (D and B) in the literature [10-12, 14, 17-39] .
During the process of diffusion, the heavy quarks lose energy via ellastic collisions with the medium partons [40] [41] [42] [43] and bremsstrahlung gluon radiations [8, [44] [45] [46] [47] [48] [49] [50] [51] . These two effects are translated into the behaviour of HF meson spectra as measured in the RHIC [52] and LHC [53] [54] [55] [56] [57] experiments. The estimations of heavy quark energy losses in the QGP were obtained by considering the QGP medium in an average fashion, i.e., microscopic fluctuations were ignored. The QGP, being a statistical ensemble of ambulant light quarks and gluons, is described by widespread stochastic chromoelectromagnetic field fluctuations. Such fluctuations couple to external disturbances, and the response of the medium is greatly affected due to these disturbances. The field fuctuations in a nonrelativistic classical plasma causes an energy gain of a charged particle passing through the plasma and it has been worked out by several authors [58] [59] [60] [61] [62] [63] . The parton energy loss in the QGP by considering the effect of stimulated gluon emission and thermal absorption has been reported in Ref. [64] . When an energetic heavy quark passes through the QGP medium, it encounters the fluctuations of chromoelectromagnetic field generated by the moving partons in the medium which causes the heavy quark to gain energy and the gained energy is substantial in lower momentum region [65] . The effect of these chromo-electromagnetic field fluctuations is extremely important to study the heavy quark propagation in QGP and these fluctuations have a great impact on the experimentally measured HF suppressions as shown in our previous work where we considered simple 1D expansion for the QGP medium evolution and the detailed dynamics of the heavy quarks in the medium were not considered [66] .
In this article, for the first time, we investigate the effect of these field fluctuations on heavy quarks in the framework of Langevin simulation. We solve numerically the Langevin equation for heavy quark in the evolving hydrodynamic background. For the modelling of hydrodynamic background, we use (3+1)-dimensional relativistic viscous hydrodynamics code, vHLLE [67] . We calculate nuclear modification factor, R AA of HF mesons and compared with experimental measurements in Au − Au collisions at The article is organized as follows: In the next section, we discuss the ingredients for Langevin simulation of heavy quark diffusion in hydrodynamic background, i.e., the transport coefficients, initial distribution and fragmentation of heavy quarks, the chromo-electromagnetic field fluctuations and the description of hydrodynamic evolution. In Sec.III, we discuss our results. Sec.IV is devoted to summary and conclusions.
II. LANGEVIN SIMULATION FOR HEAVY FLAVOUR DIFFUSION
In this section, we start with a brief description of Langevin dynamics (II A), the transport coefficients (II B), the effect of chromo-electromagnetic field fluctuations on heavy quarks (II C) and initial heavy quark production and fragmentation (II D). In Sec.II E, we introduce the model for hydrodynamic evolution of background QGP medium.
A. Langevin dynamics
Consider a heavy quark propagates in a QGP medium of light partons at a temperature, T < M Q , its momentum change due to collisions with the medium constituents is relatively small. Under this soft-scattering approximation, the Boltzmann equation describing the motion of the heavy quark in the QGP medium reduces to the Fokker-Planck equation. The FokkerPlanck equation is solved by stochastic Langevin equation [9, 10, 12, 13] :
where dx i and dp i refer to the updates of the position and momentum of the heavy quark in each time step dt with i = x, y and z, denotes the three components of position in Cartesian coordinates. We have assumed here a diagonal form for the diffusion matrix as used in the past by several authors [11, 12, 38] . ρ i is the standard Gaussian noise variable which is distributed randomly according to,
The random variable ρ i satisfies the relation, < ρ i >= 0 and < ρ i ρ j >= δ(t i − t j ). In the following, we use the post-point discretization scheme where the equilibrium condition takes the form of fluctuation-dissipation theorem D = γET , where γ and D are the drag and diffusion coefficient respectively, that govern the interaction between the heavy quark and the medium,
is the energy of the heavy quark. We have checked that in long time limit, the heavy quark phase space distribution function converges to the equilibrium BoltzmannJuttner function e −E/T . The Langevin equations, Eq.1 and Eq.2, are valid for a static medium. In our context, for the evolving medium we perform a Lorentz boost to each heavy quark into the local rest frame of the fluid cell through which it propagates and the position and momentum are updated according to Eq.1 and Eq.2. After that, we boosted back to the laboratory rest frame to obtain the heavy quark phase space coordinates. In our simulation, we stop the Langevin evolution when the temperature of the background medium drops to 150 MeV, where particle spectra are calculated in statistical emission model [68] .
B. Transport coefficients
The transport coefficients are important quantities containing the dynamics of the heavy quarks propagating through the QGP medium. The estimation for these transport coefficients of heavy quarks in the QGP medium is not yet a settled issue [10, 38, 39] . The drag coefficient is related to energy loss, −dE/dx of the heavy quark propagating in the QGP medium. We have estimated the drag coefficient, γ, for heavy quark by using [69, 70] . Here we have considered collisional as well as radiative energy losses. The heavy quarks collide elastically with the thermal partons (light quarks and gluons) in the QGP medium. We have used the most detailed calculation for these collisional processes as derived by Peigne and Pashier [43] . Besides the collisional energy loss, the heavy quarks also suffer radiative energy loss which is the dominant process for a fast parton moving inside the QGP medium. The heavy quark energy loss gets suppressed compared to the case of the light quarks due to dead cone effect. radiative energy loss, we use the calculation as discussed in Ref. [51] , which is derived based on generalized dead cone approach and the gluon emission probability.
In Figs.1 and 2 , we have shown the T dependence of the drag coefficient for a charm and bottom quark of momentum p = 5, 10, 20 and 50 GeV respectively. We use charm quark mass M c = 1.25 GeV and bottom quark mass M b = 4.2 GeV in our calculations. The values of the drag coefficients, both for charm and bottom quark, increase as temperature of the medium increases. In other words, the heavy quarks get dragged more inside the medium when temperature of the medium is higher. It is also observed that the heavy quarks with large momentum experience less dragging force due to the medium compared to the low momentum heavy quarks.
C. Chromo-electromagnetic field fluctuations
The energy loss of a parton propagating in QGP medium is obtained through the work done by the retarding forces acting on the parton in the plasma due to the chromo electromagnetic field generated by the parton itself because of its motion. Since QGP is a statistical system of mobile light quarks and gluons, it is characterized by widespread stochastic chromo-electromagnetic field fluctuations. Nevertheless, the calculations for heavy quark energy loss (collisional and radiative) do not take into account these chromo-electromagnetic field fluctuations. The fluctuations of the chromo-electromagnetic field causes a statistical change in the energy of the moving heavy quark inside plasma and the velocity of the heavy quark under the influence of this field. As a consequence of that, the heavy quark gains energy and the leading log (LL) contribution of this gained energy is obtained by using semiclassical approximation as [65] :
where k max = min E, 2q(E + p)/ M 2 + 2q(E + p) with q ∼ T is the typical momentum of the thermal partons (light quarks and gluons) in the QGP and k min = µ g is the Debye mass. We have considered the effect these fluctuations while solving the Langevin dynamics under the background of hydrodynamical evolving bulk matter.
D. Initial production of heavy quarks and fragmentation
The initial heavy quarks momentum distribution is obtained up to leading order (LO) with the centrality dependent nuclear parton distribution function EPS09 [71] . The initial transverse positions of heavy quarks are distributed according to the nuclear overlap function of the colliding nuclei in the Glauber model approach. For further details, we refer to the Ref. [28] . With these initial phase space distribution of heavy quarks, we perform the Langevin diffusion of the heavy quarks as described earlier in Sec.II A. After Langevin evolution, we hadronize the heavy quarks (charm(c) and bottom(b)) via Petersen fragmentation function [72] to obtain the final momentum distribution of HF mesons (D and B). In the Petersen fragmentation function, the parameters we have used are, ǫ c = 0.016 for c quarks to D mesons and ǫ b = 0.0012 for b quarks to B mesons.
Finally, the nuclear modification factor, R AA is defined as, where, N coll is the number of binary nucleon-nucleon collisions for a given centrality class, obtained from Glauber model calculations.
E. Hydrodynamic evolution of the background QGP medium
In heavy-ion collisions, the produced hot and dense QCD medium is in the pre-equilibrium phase before it reaches local thermalization. Generally, the QCD medium undergoes rapid thermalization at time around τ 0 = 0.6 f m and the hydrodynamic evolution begins.
In this work, the hydrodynamic evolution is understood by (3 + 1)-dimensional relativistic viscous hydrodynamics, vHLLE [67] . We assume initial time τ 0 = 0.6 f m, critical temperature T c = 150 MeV, shear viscosity η/s = 0.08 and bulk viscosity ζ/s = 0.04 in the hadronic phase for Au − Au and P b − P b collisions. We use optical Glauber initial state for this hydrodynamic evolution. It provides the space-time history of the flow velocity and temperature of the evolving medium. This information of space-time history is used in performing the heavy flavour Langevin simulation.
III. NUMERICAL RESULTS AND DISCUSSIONS
In Figs the R AA measurements of D 0 mesons by ALICE [53] and CMS [55] Collaborations. It is observed that both the results, with and without fluctuations describe the experimental measurements within their systematic uncertainties. However, at the momentum region (p T < 8 GeV), the results with the effect of fluctuations describe the experimental data well compared to the case of without fluctuations, i.e., the fluctuations have significant effects on the nuclear modification factor R AA of D 0 mesons at the lower momentum region. Since, the fluctuations cause energy gain to the charm quarks, significant at the lower momentum limit as discussed in Sec.II C. results are in good agreement with the experimental data significantly at the lower momentum region. This is because of the fact that the chromo-electromagnetic field fluctuations cause charm and bottom quarks to gain energy which is substantial in the lower momentum limit and this energy gain is reflected in the nuclear modification factor of D 0 and B + mesons as measured in the experiments.
In Here we remark on the possible theoretical uncertainties that may appear in our calculations. The drag coefficients of heavy quarks in QGP medium is not a settled issue. We have estimated the drag coefficients from energy loss calculations of heavy quarks. In that calculations, we have used the fixed coupling constant instead of running coupling. The semiclassical approximation (which is equivalent to the hard thermal loop approximation in the weak coupling limit) has been made to calculate mean energy loss and energy gain of heavy quarks due to field fluctuations. The fragmentation function used in the hadronization involves uncertainties and that uncertainties might affect the R AA .
IV. SUMMARY AND CONCLUSIONS
The heavy quark energy loss and the chromoelectromagnetic field fluctuations in the QGP is important enough for the phenomenology of heavy quark jet propagation and suppression. In this work, we focus to study the effect of the chromo-electromagnetic field fluctuations on heavy quark dynamics and HF suppressions in QGP medium in the ambit of Langevin dynamics. We have taken care of the collisional and radiative energy loss while estimating the drag coefficients. The Langevin dynamics for heavy quarks is solved in the background of evolving QGP medium. We calculate the nuclear modification factor R AA of D mesons in Au − Au collisions at √ s N N = 200 GeV; R AA of D and B mesons in P b − P b collisions at √ s N N = 2.76 and 5.02 TeV. We note that the effect of the chromo-electromagnetic field fluctuations is less at RHIC energy. The obtained results without these fluctuations are close to the experimental measurements at RHIC energy. Nevertheless, the data can also be described with the effect of the fluctuations. Besides that, the fluctuations have considerable effects on the suppressions of D and B mesons at lower transverse momentum in LHC energies. The results without fluctuations are close enough to the ALICE and CMS experimental measurements within their uncertainties. But the measurements can be described well at the lower transverse momentum region when the effect of the fluctuations is taken into account. The field fluctuations have an important impact on the heavy quark diffusion in QGP medium and in describing the experimentally observed HF suppressions.
